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Bacillales
Gammaproteobacteria
Epsilonproteobacteria
Bacillales
Lactobacillales
Actinobacteria
Spirochete
Clostridia
Clostridia
Radioresistant bacteria
Epsilonproteobacteria
Betaproteobacteria
Enterobacteriales
Vibrionales
Pasteurellales
Bacillus anthracis Ames
Bacillus cereus ATCC 14579
Bacillus subtilis 168
Bacillus halodurans C-125
Helicobacter pylori J99
Helicobacter pylori 26695
Listeria innocua CLIP 11262
Listeria monocytogenes EGD-e
Staphylococcus aureus MW2
Staphylococcus aureus N315
Staphylococcus aureus Mu50
Staphylococcus epidermidis ATCC 12228
Oceanobacillus iheyensis HTE831
Clostridium perfringens 13
Borrelia burgdorferi B31
Clostridium acetobutylicum ATCC 824
Bifidobacterium longum NCC2705
Lactobacillus plantarum WCFS1
Streptococcus agalactiae 2603
Streptococcus agalactiae NEM316
Streptococcus mutans UA159
Streptococcus pyogenes MGAS315
Streptococcus pyogenes MGAS8232
Streptococcus pyogenes SSI-1
Streptococcus pyogenes SF370
Streptococcus pneumoniae TIGR4
Streptococcus pneumoniae R6
Lactococcus lactis subsp. lactis IL1403
Enterococcus faecalis V583
Deinococcus radiodurans R1
Campylobacter jejuni NCTC11168
Neisseria meningitidis Z2491
Neisseria meningitidis MC58
Haemophilus influenzae Rd KW20
Pasteurella multocida PM70
Shewanella oneidensis MR-1
Vibrio parahaemolyticus RIMD 2210633
Vibrio cholerae El Tor N16961
Vibrio vulnificus CMCP6
Yersinia pestis CO92
Yersinia pestis KIM
Salmonella typhimurium LT2
Salmonella typhi Ty2
Salmonella typhi CT18
Escherichia coli CFT073
Shigella flexneri 301
Shigella flexneri 2457T
Escherichia coli O157:H7 EDL933
Escherichia coli O157:H7 Sakai
Escherichia coli K-12 W3110
Escherichia coli K-12 MG1655
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INTRODUCTION
Quorum sensing (QS) is a cell-to-cell bacterial
communication mechanism, allowing bacteria to
sense their population density (Nealson 1977) and
coordinate their gene expression levels (Bassler
1999, Fuqua & Greenberg 2002) and physiological
activities (Miller & Bassler 2001). To perform QS-
based communication, bacteria produce, secrete and
accumulate small hormone-like molecules called
autoinducers (AI) in the nearby environment (Fuqua
et al. 1994). As cell density increases, the concentra-
tion of these AI increases. When a given threshold
concentration is reached, targeted bacterial partners
can respond to these compounds and modify their
gene expression, and thus their behaviour and phe-
notype (Withers et al. 2001, Bassler 2002). It has been
shown that QS systems regulate and synchronize
activities like biofilm production (Parsek & Green-
berg 2005, Dickschat 2010), nodulation (Cha et al.
1998, Loh et al. 2002), bioluminescence (Waters &
Bassler 2005), virulence factor production (Smith &
Iglewski 2003) and many others (Diggle et al. 2007).
The coordination of bacterial community activities
conveys an ecological advantage to the population
(Case et al. 2008).
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Diversity of quorum sensing autoinducer synthases in
the Global Ocean Sampling metagenomic database
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ABSTRACT: Quorum sensing (QS) is a cell-to-cell signalling pathway that allows bacteria to syn-
chronize their genetic expression. It is mediated by autoinducers (AI), including (1) acyl-homoser-
ine lactones (AHLs or AI-1), produced by Proteobacteria using AinS, LuxI and HdtS synthase fam-
ilies and (2) furanosyl-diester-borate (FDB or AI-2), produced by a large range of phylogenetically
diverse bacteria and synthetized by the LuxS family. Few data have been collected about the pres-
ence and importance of QS in marine waters using culture independent methods. In this study, we
examined the presence and the diversity of AI-1 and AI-2 synthases in the Global Ocean Sampling
(GOS), a large metagenomic database, covering 68 stations across 3 oceans. We built 4 reference
protein databases with maximal phylogenetic coverage containing all known AI synthase
sequences to retrieve AI synthases sequences from the GOS metagenomes. We retrieved 29 envi-
ronmental sequences affiliated to LuxI (synthesizing AI-1), 653 related to HdtS (AI-1), 31 related
to LuxS (AI-2) and only one for AinS (AI-1). AI synthases sequences were found in the 3 oceans
covered by the GOS cruise and spanned a large phylogenetic diversity. These data revealed a
large number of new marine AI sequences, suggesting that QS based on AI-1 diffusion is a wide-
spread mechanism in the marine environment.
KEY WORDS:  Quorum sensing · Acyl-homoserine lactone synthases · Global Ocean Sampling ·
Environmental metagenomes
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Genome Sequence of the Sponge-Associated Ruegeria halocynthiae
Strain MOLA R1/13b, a Marine Roseobacter with Two Quorum-
Sensing-Based Communication Systems
Margot Doberva,a,b Sophie Sanchez-Ferandin,c,d Yoan Ferandin,a,b Laurent Intertaglia,e,f Julie Croué,a,b Marcelino Suzuki,a,b
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Ruegeria halocynthiae MOLA R1/13b is an alphaproteobacterium isolated from the Mediterranean sea sponge Crambe crambe.
We report here the genome sequence and its annotation, revealing the presence of quorum-sensing genes. This is the ﬁrst report
of the full genome of a Ruegeria halocynthiae strain.
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R
uegeria halocynthiae MOLA R1/13b (MOLA culture collection
no. WDCM911; see http://collection.obs-banyuls.fr/index
.php) was isolated in 1:5 marine R2A agar (in 75% seawater) at
20°C, from the sponge Crambe crambe collected on 20 January
2010 from a 12-m depth at the Bay of Banyuls (48°28’823!N,
3°08’038!E, France). A major step in our isolation protocol is that
sponge homogenates were acclimated for 24 h at 16°C with marine
R2A added at a 1:200 ﬁnal dilution, before strain isolation. Based on
its 16S rRNA gene sequences, the strain is phylogenetically related to
Ruegeria halocynthiae MA1-6 (99% sequence identity to 16SrRNA
genes) and belongs to the Rhodobacteraceae (Roseobacter clade).
The strain was cultivated in 100 mL of marine broth 2216 medium
(BD, Difco, Sparks, MD) at 25°C over 48 h. DNA was extracted using
a cetyltrimethylammonium bromide (CTAB)-based method (1).
Genome sequencing steps conducted by MrDNA platform (Texas)
included fragmentation, ligation to sequencing adapters, and puriﬁ-
cation. Following the ampliﬁcation and denaturation steps, libraries
were sequenced in a pool. A total of 50 ng of DNA was used to prepare
the library using the Nextera DNA sample preparation kit (Illumina).
Library insert size was determined by an Experion automated elec-
trophoresis station (Bio-Rad). The insert size of the libraries ranged
from 300 to 850 bp (average, 500 bp). The library (12 pM) was loaded
(in a pool) to a 600 Cycles v3 Reagent cartridge (Illumina), and the
sequencing was performed on a Miseq sequencer (Illumina) and de
novo assembled with NGEN v11 (DNASTAR, Inc). The genome
was annotated using Prokka 1.7 (www.vicbioinformatics.com/
software.prokka.shtml.
The sequence draft genome sequence of Ruegeria halocynthiae
MOLA R1/13b is 4,320,292 bp, with a G"C content of 58.3%,
including 4,205 coding sequences, 2 rRNAs, and 53 tRNAs. The
genome annotation revealed the presence of genes involved in
quorum sensing. Two autoinducer type 1 synthases homologous
to luxI and 6 corresponding luxR receptors (2) are detected in the
genome. The genome annotation also revealed 3 genes encoding
RhtB/lysE-like proteins, known to be involved in long chain ho-
moserinelactones transmembrane transport (3). This is the ﬁrst
report of quorum-sensing genes within the marine species Ruege-
ria halocynthiae. Thus, this draft genome reinforces previous ob-
servations suggesting that marine bacteria are able to communi-
cate using quorum sensing in sponge microenvironments where
these cells can be found at high concentrations (4, 5)
Nucleotide sequence accession number. The whole-genome
shotgun project has been deposited at DDJB/EMBL/GenBank un-
der the accession no. JQEZ00000000.
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Roseobacter with a Quorum-Sensing Cell-Dependent Physiology
Margot Doberva,a,b Sophie Sanchez-Ferandin,c,d Yoan Ferandin,a,b Laurent Intertaglia,e,f Fabien Joux,g,h Philippe Lebaron,a,b
Raphaël Lamia,b
Sorbonne Universités, UPMC Université Paris, USR 3579, LBBM, Observatoire Océanologique, Banyuls-sur-Mer, Francea; CNRS, USR3579, LBBM, Observatoire
Océanologique, Banyuls-sur-Mer, France; Sorbonne Universités, UPMC Université Parisb; UMR7232, BIOM, Observatoire Océanologique, Banyuls-sur-Mer, Francec; CNRS,
UMR7232, BIOM, Observatoire Océanologique, Banyuls-sur-Mer, Franced; Sorbonne Universités, UPMC Université Paris, UMS 2348, Observatoire Océanologique, Banyuls-
sur-Mer, Francee; CNRS, UMS2348, Observatoire Océanologique, Banyuls-sur-Mer, Francef; Sorbonne Universités, UPMC Université Paris, UMR 7621, LOMIC, Observatoire
Océanologique, Banyuls-sur-Mer, Franceg; CNRS, UMR 7621, LOMIC, Observatoire Océanologique, Banyuls-sur-Mer, Franceh
Maribius sp. strain MOLA401 is an alphaproteobacterium isolated from a coral reef lagoon located in New Caledonia, France.
We report the genome sequence and its annotation which, interestingly, reveals the presence of genes involved in quorum sens-
ing. This is the ﬁrst report of a full genome within the genus Maribius.
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M
aribius sp. strain MOLA401 (MOLA culture collection
WDCM911 [http://collection.obs-banyuls.fr/index.php]) was
isolated on 3 December 2004, at a 4-m depth, from marine waters
in the southwest lagoon of New Caledonia (France) (22°21.23=
S/166°23.43= E). The sampling station was located between oligo-
trophic water near the coral barrier and mesotrophic waters in the
near-shore environment subjected to terrestrial inputs and efﬂu-
ents from the city of Nouméa (146,000 inhabitants) (1). Based on
its 16S rRNA gene sequences, the strain is phylogenetically related
to Maribius pelagius B5-6T (96% sequence identity of 16S rRNA
genes) and belongs to the Rhodobacteraceae (Roseobacter clade).
The strain was cultivated in 100 mL of marine broth 2216 medium
(BD Difco, Sparks, MD) at 25°C for 48 h. DNA was extracted using a
cetyltrimethylammonium bromide (CTAB)-based method (2). Ge-
nome sequencing steps conducted by MrDNA (Texas) included frag-
mentation, ligation to sequencing adapters, and puriﬁcation. Follow-
ing the ampliﬁcation and denaturation steps, libraries were
sequenced in a pool. A total of 50 ng of DNA was used to prepare the
library, using the Nextera DNA sample preparation kit (Illumina).
The library insert size was determined by an Experion automated
electrophoresis station (Bio-Rad). The insert sizes of the libraries
ranged from 300 to 850 bp (average, 500 bp). The library (12 pM) was
loaded (in a pool) to a 600-cycle v3 reagent cartridge (Illumina) and
the sequencing was performed on a MiSeq sequencer (Illumina) and
de novo assembled with NGEN v. 11 (DNASTAR, Inc.). The genome
was annotated using Prokka 1.7 (3).
The draft genome sequence of Maribius sp. strain MOLA401 is
3,856,666 bp, with a GC content of 67.6%, including 3,764 coding
sequences, 1 rRNA, and 50 tRNAs. The genome annotation re-
vealed the presence of genes involved in quorum sensing. The
autoinducer type 1 synthase homologuous to luxI, and its corre-
sponding receptor luxR (4) are located in the same operon. The
genome annotation also revealed a gene encoding an RhtB-like
protein, known to be involved in long-chain homoserinelactone
transmembrane transport (5). This is the ﬁrst report of quorum-
sensing genes within the marine genus Maribius. Thus, this draft
genome reinforces previous observations suggesting that marine
bacteria are able to communicate using quorum sensing in mi-
croenvironments (6) where these cells can be found at high con-
centrations.
Nucleotide sequence accession number. The whole-genome
shotgun project has been deposited at DDJB/EMBL/GenBank un-
der the accession number JQEY00000000.
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